ABSTRACT
Introduction
At present, there are numerous papers [1] [2] [3] [4] dealing with the studies of the optical properties of perfect and imperfect dielectric superlattices. Urgency of the research is conditioned by electrical engineering and electronics needs in layered structures, as well as by the progress in the development of the theory of superlattice optical properties. The procedures used to calculate the transmission coefficients and refractive indices for light developed in [5] [6] [7] allow the frequency-concentration dependence is exposed and turn out to be useful in simulation of composite materials with preset parameters with no spatial dispersion taken into account. At the same time, the investigation of the gyrotropy of crystals is often the only way to determine stereo-and crystallochemical characteristics as well as the fine details in construction of respective space-dispersing structures. Such investigations are even more urgent as now there exists a large quantity of organic complexes and polymers, which are optically active due to structure peculiarities or to the optical activity of molecules they are composed of [8, 9] .
The problem of finding polariton modes (necessary for calculating the gyrotropic characteristics) in space-dispersing superlattices has not been solved yet. At the same time, with thickness of layers composing a multilayer much larger than the characteristic scales of spatial dispersion, the specified quantities can be evaluated only approximately. In such a case, the contribution of individual layer to gyrotropy can be regarded independent. Thus, the corresponding optical quantities can be expressed through the layers gyrotropic characteristics. In this research, this approach is applied to calculate the specific angle of the light polarization plane rotation, the light being propagated in an imperfect 1D-superlattice with an arbitrary number of heterogeneous layers varying composition or thickness.
Here we consider light propagation along layer's optical axes perpendicular to their planes. An analytical expression is derived for the specific rotation angle as a function of the impurity layer concentration.
Modeling
According to the above-mentioned approach, in an imperfect topologically ordered one dimensional superlattice composed of N unit cells, the angle of the light propagation plane rotation is described by the expression:
We assume the quantity of N to be larger enough (to neglect the effects from the influence of sample boundaries). In (1)   nα ρ ω and are the configuration-dependent specific angle of the light propagation plane rotation and thickness of the α-th layer of the n-th unit cell; σ is the number of unit-cell layers.
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According to the general principles of the physics of disordered systems, the rotation angle measured experimentally should be equal to
is the configuration averaging operator [6, 7, 10] influencing the configuration-dependent function
In the imperfect 1D-superlattice under consideration, the disordering is of two types, consequently, there are two types of configuration dependence. The first disorder is due to heterogeneous (defective) layers present in the superlattice, which differ from the perfect-system layers in physico-chemical composition (the configuration-dependent quantity is ). The second is due to layersdefects present in the system and differing in thickness from the perfect superlattice (the configuration-dependent quantity is ). In what follows, we believe the disordering factors to be mutually independent. Quantities and relate to configuration-dependent sto-
and
where ν By using (1)- (3) as well as the averaging rules [10] for
C C are concentrations of defect layers which differ from layers of base substance in composition and/or thickness, respectively. In expression (4), the fist summand corresponds to the rotation angle for the light polarization plane of perfect 1D-superlattice composed of layers of the (1)-type (this substance is assumed to be basic). The second summand stands for superlattice compositional disorder, it goes to zero in the absence of composition variation. The third summand corresponds to disordering in thickness (with no disordering, the summand goes to zero). And the last summand stands for superlattice disordering in layer composition and thickness at a time. In the absence of any disordering, the fourth summand (4) goes to zero. In expression (4) each summand has meaning of rotation angle per unit cell. The angles, in contrast to
(measured in deg/unit length) are measured in degrees.
Results
For a more concrete results, let us consider the propagation of electromagnetic radiation in an imperfect aluminium organic 1D-superlattice with two elements-layers in a cell: the first is the aluminium menthylate Al(O-Ment) 3 layer (   ) ones. Here we use values of specific rotation angles from [9] . In first and second sublattices, the concentration and the thickness of base-substance layer are denoted by (4) and by simple transformations we obtain the following concentration dependence of the specific angle of rotation
(here
is the averaged period of the cell in 1D-sublattice) for the light polarization plane in two-sublattice imperfect 1D-sublattice in the form: 1  2  2  1  1  1  2  2  1  2   1  2  1  2  1  1  1  2  2  2   2  1  2  2  1  1  1  1  1   2  1  2  2  2  2  2  2  2 1 [
In (6), there is the following designation:
The concentration dependence of the specific angle of the light polarization plane rotation in the studied imperfect superlattice is graphically shown in Figures 1 and 2 . Figure 1 illustrates the presence of impurity layers in the first sublattice, which differ in composition, those in the second sublattice differ in thickness. In Figure 2 there is a variation of superlattice layers in thickness, Figure 3 shows the case when the layers vary in composition.
Conclusions
The paper is devoted to numerical simulation of the concentration dependence of the rotation angle for the light polarization plane in imperfect 1D-multilayer with an arbitrary number of sublattices. The choice of aluminium terpene alcogolates as objects of investigation is due to the wide application of these optically active materials in the capacity of catalysts of different asymmetric syntheses stimulating catalytic reactions of other optically active compounds [9] .
At present, there exist a great number of organic complexes and polymers, which are optically active due to peculiarities of structure or optical activity of constituent molecules [8, 9] . Studies of polymeric composite materials [1, 2, 9 ] are urgent enough due to variety of properties and a wide range of application. A high interest in materials of this class has arisen, on the one hand, from demands of electrical engineering and electronics for thin films and layered structures and, on the other hand, it relates to the latest achievements in nanotechnologies and photonics [11] , as well as a substantial progress in the theory of optical properties of perfect and imperfect layered structures.
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